by a significant rise in the proportion of hypertensive people who are taking multiple antihypertensive agents, and hypertensive patients on polytherapy regimens were the most likely to meet their blood pressure (BP) goals.
as having a BMI of 30 kg/m 2 or higher. Abdominal obesity was defined as a waist circumference exceeding 102 cm for women and 88 cm for men. 2-10 Data on the current use of medications including antihypertensive, glucose, and lipidlowering drugs as well as antiplatelet agents were also documented. BP levels during the previous visit (within 1 year of the current visit) and the levels of plasma sodium, potassium, glucose, creatinine, total cholesterol, low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein (HDL) cholesterol were recorded together with a history of coronary artery disease (CAD), cerebrovascular disease (CVD), as well as metabolic and other diseases. Each participating doctor was provided with specific instruction for these assessments. The estimated glomerular filtration rate (eGFR) was calculated according to the Modification of Diet in Renal Disease formula. 11 The LDL cholesterol goal was defined as less than 2.5 mmol/l in patients with diabetes or known cardiovascular disease and less than 3.0 mmol/l in the remaining patients. 2 Cardiovascular risk was evaluated according to the criteria of the 2013 European Society of Hypertension / European Society of Cardiology (ESH/ESC) guidelines (stratification into 4 groups: with low, moderate, high, and very high added risk). 2 BP was measured with a patient in the sitting position after a 5-minute rest. Based on the upper arm circumference, an appropriately sized cuff was placed on the arm with the lower edge of the cuff 2 cm above the antecubital fossa. Three consecutive readings were taken, and the average was recorded. Each participating doctor was provided with a detailed instruction for BP measurement. The use of devices with confirmed accuracy was recommended.
We defined hypertension control as BP levels lower than 140 mmHg for systolic BP and lower than 90 mmHg for diastolic BP. RHT was defined as uncontrolled hypertension despite using 3 antihypertensive drugs including a diuretic.
2 For the purpose of this analysis, we divided patients into 3 groups: with controlled hypertension, uncontrolled hypertension (not fulfilling the criteria of RHT), and RHT.
Data collection and preparation of the dataset were performed by an independent office-Medycyna Praktyczna. Data analysis was carried out using the statistical software, PASW Statistics 18 (SPSS Inc., Chicago, Illinois, United States). The results are presented as mean ± 1 standard deviation or median and interquartile range. The values of variables were compared between groups: continuous and discrete variables, using the t test, Mann-Whitney test, or univariate analysis of variance with the Duncan post-hoc test; and categorical variables, using the χ 2 test or Fisher exact test. Multivariate logistic regression models were performed to determine the combined effect of several variables on the prevalence of the characteristic. For the multivariate analysis, the variables with a significant association cardiovascular events, compared with the general hypertensive population. Therefore, the recognition and identification of individuals with RHT is of particular importance, given the fact that they may require further diagnostic evaluation for specific interventions. [5] [6] [7] An emerging subpopulation with therapy-resistant disease is becoming more evident in the United States and Western Europe. However, limited data are available so far on the prevalence and clinical characteristics of RHT in Central and East European countries known for their high cardiovascular risk. 6, 8, 9 Therefore, the aim of the Pol-Fokus study was to evaluate factors associated with RHT in a large sample of hypertensive patients treated for at least 1 year by general practitioners (GPs) and specialists (cardiologists and hypertension specialists) in Poland.
PATIENTs ANd mEThOds Pol-Fokus was a large, observational, cross-sectional survey of hypertensive subjects followed up by GPs, cardiologists, and hypertension specialists throughout Poland. The study was approved by the Ethics Committee of the Jagiellonian University in Kraków, Poland, and all participants provided informed consent.
A total of 1500 GPs and 500 specialists in cardiology or hypertension from all Polish provinces in Poland were drawn randomly from the registry of medical practices and then contacted individually. The sample reflected the distribution of medical care in individual Polish provinces. From that group, 979 GPs and 286 specialists participated in the Pol-Fokus study (FIGuRE 1) .
The Pol-Fokus study included hypertensive patients meeting the following criteria: age of 18 years or older, hypertension treated for at least 1 year, with at least 1 visit to a doctor who had been participating in the study over the previous year. Patients had to be free from any acute disease in the preceding 4 weeks and free from known secondary causes of hypertension. Each of the participating GPs had to include 6 to 8 patients and each specialist had to include 8 to 10 patients. During each day of the enrollment, the second and third hypertensive patient visiting the practice that day and meeting the inclusion criteria was included.
After discarding data from doctors who did not achieve the specific quota or who provided incomplete questionnaires, as well as from patients who were included despite not meeting the inclusion criteria, we finally analyzed data from 12 436 patients. For the purpose of this analysis, we also excluded 61 patients with no data regarding antihypertensive treatment (Supplementary material online, Figure S1 ).
All patients underwent standard clinical evaluation. The known duration of hypertension was recorded. Weight and height as well as waist circumference were measured. Body mass index (BMI) was calculated and obesity was considered and the lowest-17.3% (Supplementary material online, Figure S1 ).
The rates of uncontrolled hypertension and RHT also varied significantly across the age categories: <40 years, 40-65 years, and ≥65 years (Supplementary material online, Figure S2 ). Patients aged 65 years or older were characterized by the lowest eGFR compared with those aged 40 to 65 years and less than 40 years (67.2 ±21.6 vs 79.0 ±23.3 and 91.6 ±28.9 ml/min/1.73 m 2 , respectively; P <0.001). There were no differences in sex distribution between the groups (TAbLE 1). Patients with RHT were older as compared with those with controlled and uncontrolled hypertension (TAbLE 1) . BMI, waist-to-hip ratio, and were included. Multicollinearity was tested using the variation inflation factor. A P value of less than 0.05 was considered statistically significant.
REsuLTs
We included 12 375 patients (mean age, 64.0 ±12.3 years; age range, 18-98 years; women, 59%) Among these, 5857 patients had controlled hypertension (47.3%), 3458 had uncontrolled hypertension (27.9%), and 3060 had RHT (24.7%). The rate of patients with RHT was higher and that of patients with uncontrolled hypertension was lower in specialist offices, as compared with those of GPs (FIGuRE 2). The rate of RHT varied between individual provinces of Poland, with the highest prevalence being 30.0% Patients with diabetes, CAD, and CVD had a higher rate of RHT compared with patients without these diseases (32.5% vs. 22.6%; P <0.001, 31.5% vs. 19.7%; P <0.001; 33.3% vs. 23.6%; P <0.001, respectively). Also, these diseases were more frequent among patients with RHT compared with patients with controlled hypertension (TAbLE 2) . There were no differences in the rates of these diseases between patients with controlled and uncontrolled hypertension. Other diseases including arrhythmias, heart failure, chronic kidney disease (CKD), chronic obstructive pulmonary disease, diseases requiring the use of nonsteroidal anti-inflammatory drugs, benign prostatic hyperplasia in men, depression or anxiety, and diseases causing disability were more frequent in patients with RHT, but not in patients with uncontrolled hypertension, as compared with controlled hypertension (TAbLE 2).  TAbLE 3 shows the analysis of antihypertensive treatment in relation to BP control. Patients with uncontrolled hypertension, as compared with patients with controlled hypertension, received a lower number of antihypertensive medications (TAbLE 1) and less often used thiazide diuretics, β-blockers, and calcium channel blockers, but not drugs inhibiting the renin-angiotensin-aldosterone system (TAbLE 3) . Patients with RHT more often used antihypertensive drugs of all classes, as compared with patients with controlled hypertension (TAbLE 3) .
We analyzed the rate of use of antihypertensive drug combinations and showed an underuse the rate of abdominal obesity were higher in patients with RHT as compared with patients with controlled hypertension (TAbLE 1) . No differences in these parameters were found between controlled and uncontrolled hypertensive patients. The RHT group was characterized by the highest rate of patients with high or very high added cardiovascular risk (FIGuRE 3).
Patients with RHT and uncontrolled hypertension had higher sodium and glucose concentrations and lower potassium concentrations as compared with patients with controlled hypertension. eGFR was lower in patients with RHT as compared with patients with controlled hypertension (TAbLE 1). The rate of RHT was higher among patients with eGFR of less than 60 ml/ min/1.73 m 2 (31.9%), as compared with patients with an eGFR of 60 to 89 ml/min/1.73 m 2 and of 90 ml/min/1.73 m 2 or more (25.1% and 20.8%, respectively, P <0.001).
In addition, total cholesterol, LDL cholesterol, and triglyceride levels were higher in patients with resistant and uncontrolled hypertension, as compared with patients with controlled hypertension (TAbLE 1) . Patients with RHT and uncontrolled hypertension had LDL cholesterol levels within the therapeutic range less often than those with controlled hypertension (TAbLE 2) . Also, among patients treated with statins, the rate of achieved LDL goals was lower in patients with resistant and uncontrolled hypertension, as compared with those with controlled hypertension (36.3% and 35.4% vs. 49.2%; P <0.001). Figure S6) ; however, the rate of use of the most preferred 3-drug combination (angiotensin-converting enzyme inhibitor / angiotensin II receptor blocker and calcium channel blocker and thiazide/thiazide-type diuretic) was 41.7%. We observed significant differences of preferred drug combinations (FIGuRE 4 and Supplementary material online, Figures S3-6 ). The rate of use of preferred drug combinations was lower in patients with uncontrolled hypertension, as compared with those with controlled hypertension (Supplementary material online, Figure S6 ). Patients with RHT were characterized by a higher of less than 60 ml/min/1.73 m 2 . The presence of RHT was independently associated with male sex, higher pulse pressure, abdominal obesity, metabolic syndrome, diabetes, CAD, CVD, diseases requiring treatment with nonsteroidal anti-inflammatory drugs, and an eGFR of less than 60 ml/min/1.73 m 2 (TAbLE 4). dIsCussION Our study has shown that the prevalence of RHT in treated patients with hypertension was 24.7%, indicating a relatively high rate of apparent RHT. Our data indicates also variability in the prevalence of RHT between individual Polish provinces. This might be due to the differences in patients' clinical characteristics, social and economic status, as well as access to health care facilities. Interestingly, the differences in hypertension control rate between in the rate of use of this combination in relation to coexisting clinical conditions in patients with RHT (FIGuRE 4) . Further analysis also revealed that in patients with RHT, a decline in eGFR was accompanied by an increase in the use of loop diuretics and decrease in the use of thiazide/thiazide-type diuretics. However, still in patients with an eGFR of less than 30 ml/min/1.73 m 2 , the rates of use of the respective drug classes were 53.1% and 58.1% (Supplementary material online, Table S1 ).
To assess which factors are independently related to RHT, we performed a multivariate analysis including sex, age, pulse pressure, abdominal obesity, metabolic syndrome, diabetes, CAD, CVD, diseases requiring treatment with nonsteroidal anti-inflammatory drugs, diseases causing disability, depression or anxiety, and an eGFR 7 have also indicated that the presence of RHT is associated with an increased risk of major cardiovascular events and death, regardless of BP control. Specifically, compared with controlled hypertension, RHT was strongly associated with an increased risk of all-cause mortality, cardiovascular mortality, and nonfatal stroke; however, an association with non-fatal myocardial infarction was not observed in all studies. 7, 16, 22, [24] [25] [26] Our results indicate that the prevalence of CAD was higher in subjects with RHT, as compared with patients with controlled hypertension. CAD was also independently associated with the presence of RHT in a multivariate model. Thus, it seems reasonable that patients with RHT had more severe vascular diseases in general. The post hoc analysis from the INVEST study 20 suggested that RHT is common in individuals with hypertension and CAD, with a prevalence of approximately 38%. It has also been found that the presence of RHT is associated with an increased risk of major cardiovascular events and death, regardless of BP control, compared with controlled hypertension.
19,20
Our study showed that the percentage of subjects with impaired kidney excretory function (eGFR <60 ml/min/1.73 m 2 ) was significantly higher in patients with RHT compared with those with controlled hypertension. Also, in our study, lower eGFR was associated with RHT in a multivariate model. Renal data from clinical studies are consistent with a well-established relationship between RHT and CKD, the nature of which is likely to be bidirectional. RHT may be adversely affecting renal function and also CKD may be reducing the response to antihypertensive treatment, due to sodium retention and increased activity of the renin-angiotensin-aldosterone and sympathetic nervous systems. Therefore, CKD could be both the cause and effect of RHT. 16, 21, 22, 27 In addition, the higher prevalence of renal dysfunction in patients with versus those without RHT may be due to higher pulse pressure values seen in our study, which were shown to individual Polish provinces were also revealed in the WOBASZ study. 12 Observational studies have reported a prevalence of RHT of 12% to 15%, whereas randomized control trials have shown higher rates, leading us to conclude that the prevalence of RHT in treated patients with hypertension is somewhere in the range between 15% and 30%. Based on a recent meta-analysis by Achelrod et al., 13 the prevalence of RHT in this population is 13.72%, according to 20 observational studies and 16.32% according to 4 randomized control trials performed in Western Europe and North America. However, limited data are available on the prevalence and clinical characteristics of RHT in Central and East European countries. 9, [13] [14] [15] The results of the BP-CARE study 8 allowed to assess the prevalence and main clinical features of RHT in a group of 1312 subjects from 9 countries of Central and Eastern Europe. The results based on the clinical values of BP showed that the prevalence of apparent RHT was 32.3% and was higher than in our Pol-Focus study. In the BP-CARE study, after implementation of screening based on 24-hour ambulatory BP measurement, the prevalence decreased to 19.4%. 8 Our results indicate that the prevalence of RHT increased with age and was the highest in the group of patients over 65 years of age (28.1%), as compared to those younger than 40 years of age (12.8%). Various independent studies have shown that older age was among the main clinical features that differentiate patients with RHT from those with controlled hypertension. Also, a large international survey showed that BP control is largely unsuccessful with increasing age, and the use of more than 3 antihypertensive drugs increased with age, from 16.1% at the age of 18 to 40 years to 37.8% at the age of more than 75 years. However, despite an increase in the number of drugs prescribed and the usage of efficacious drug classes, the age-related rise in systolic BP was not balanced by a more effective hypertension management, as evidenced by an age-related decrease in the rate of systolic BP control. [16] [17] [18] Our results indicate that the prevalence of vascular risk factors including obesity, hyperlipidemia, diabetes, CAD, or CVD was higher in subjects with RHT, as compared with patients with controlled hypertension. The results of the other studies performed so far indicate that patients with a diagnosis of RHT often present with a cluster of cardiovascular risk factors such as obesity, diabetes, CAD, CVD, or some degree of CKD. On the other hand, several studies have reported a higher prevalence of subclinical target organ damage in patients with RHT as compared with those with controlled hypertension.
16,14-21
The evaluation of cardiovascular risk according to the 2013 ESH/ESC guidelines showed that, in our RHT group, the prevalence of the high and very high cardiovascular risk was significantly more frequent, as compared with the controlled and uncontrolled hypertension groups. Also, the patients with LDL cholesterol levels below the treatment goal among patients with RHT might suggest their nonadherence to a recommended treatment.
Moreover, we based our analysis on clinical BP measurements, and BP monitoring was not used to exclude those with white coat hypertension. Another limitation, typical for observational studies, is the lack of forced titrated treatment. Therefore, among patients with uncontrolled hypertension treated with 2 or even 3 drugs (without diuretic), there is a potential subgroup of patients with RHT. Yet another limitation was the cross-sectional design of the study, which did not allow to examine the effect of RHT on the development and progression of complications. The prevalence of RHT could have been overestimated, since secondary forms of hypertension were not assessed; therefore, we cannot exclude the possibility that some patients with secondary hypertension were misclassified as having RHT.
Also, most participating patients underwent a laboratory examination and a substantial percentage did not undergo a carotid ultrasound or microalbuminuria estimation before the evaluation. The lack of this information about vascular and renal target organ damage may have led to an underestimation of cardiovascular risk in these patients.
In conclusion, our study based on a large group of treated hypertensive patients has shown that RHT is relatively common both in GP and specialist offices. The underuse of preferred antihypertensive drug combinations may contribute to uncontrolled BP levels. Moreover, patients with RHT are characterized by a high or very high cardiovascular risk.
Contribution statement AP, MK, JG, MK, DC, KKJ, KN, and AJ conceived the idea for the study. AP, MK, JG, RTM, and WL contributed to the design of the research. RTM and WL were involved in data collection. AP, MK, JG, RTM, and AJ analyzed the data. AP and AJ coordinated the funding of the project. All authors edited and approved the final version of the manuscript. be associated with a detrimental effect on renal vasculature. There is also evidence that elevated pulse pressure, which reflects reduced vascular compliance in large arteries, may predict negative outcomes better than either systolic or diastolic BP alone. 28 Our results showed that both angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers were used in most of the patients with RHT, followed by thiazide/thiazide-type diuretics, β-blockers, and calcium channel blockers. The evaluation of the preferred drug combination scheme based on the 2013 ESH/ESC guidelines showed that a regimen consisting of angiotensinconverting enzyme inhibitor or angiotensin II receptor blocker, calcium channel blocker and thiazide/thiazide-type was used in less than half of the patients with RHT, more often in those with coexisting metabolic syndrome or diabetes. Other drug combinations within the triple-drug regimens are rather difficult to explain, and several reasons should be taken into consideration, including physicians' perceptions, the level of copayment, or patients' belief in the effectiveness of medications and side effects of particular drug classes.
2,29,30 Secondly, for certain classes of medications, such as angiotensin-converting enzyme inhibitors, β-blockers, and diuretics, it is unknown whether they were prescribed for the treatment of hypertension or for other indications such as CAD or heart failure. 22 Our study also indicates the inadequate use of loop diuretics in patients with RHT associated with impaired kidney excretory function. It is particularly seen in subjects with an eGFR of less than 30 ml/min/1.73 m 2 , and, in this group, 58% of the patients were taking thiazide/thiazide-type diuretics insufficient to counteract the sodium retention typical for this condition. It might be postulated that this might be contributed to the higher rate of RHT in patients with impaired kidney excretory function.
In our study, although the rate of treatment with aldosterone antagonists was higher in patients with RHT than in patients with controlled hypertension, it was relatively low (14.7%). Similar results were described recently by other authors indicating that the underuse of aldosterone antagonists may explain why therapeutic strategies fail to bring BP to its goal and such an optimization of the therapy should help to control BP. 22, [31] [32] [33] [34] A major strength in this study is that we analyzed RHT in a large cohort of patients in Poland characterized by clinical features and cluster of cardiovascular risk factors being treated by both specialists and GPs. The clinical setting of our study have been successfully used before in Poland in other studies. 35, 36 Our study has certain limitations. First, the adherence to antihypertensive treatment could not be assessed or controlled. Our estimation was based on the physician's judgment of the patient's adherence to treatment. The lower rate of 
